AD-A259  751 


© 


Virus-Dependent  Mortality  in  Rift  Valley  Fever,  Eastern  Equine 
Encephalomyelitis,  and  Chikungunya  Virus-Inoculated 

Mosquito  (Diptera:  Culicidae)  Larvae  DTI 

MICHAEL  J.  TURELL  ^  ELECT 

Department  of  Epidemiology,  Disease  Assessment  Division,  U.S.  Anny  Vledieal  Research  Institute  of  JAN  4 
Infectious  Diseases,  Fort  Detrick,  Frederick,  Maryland  21702 


/' 


J.  Me<).  Enloinol  29(5):  792-795  ( 1992) 

ABSTRACT  The  eBect  oi  inoculation  of  mosQiiito  lanae  with  Rift  Valley  te'.  er  (R\’F) 
virus  on  survival  to  the  adult  stage  was  evaluated  in  Aedes  «egi/;>(/  (L  ).  Ae.  fotcleri 
(Charmoy),  Ae.  rncinfosAi  Huang,  Ae.  toenior/iyncfius  (Wiedemann),  .Ae.  triscriutux  iSayi. 
Eretmapoditex  quinquevittatux  Theobald,  Anopitelex  alhimunus  Wiedemann,  and  Culex 
pipicnx  L.  Pupation  rates  were  similar  for  RVF  vinis-inoenlated  and  diluent-inoiidated 
larvae  of  all  moscpiito  species  tested  except  Cx.  pipu’nx.  However,  with  the  exception  of 
An.  tdbimunux  and  .Ac.  Irixeriatux,  virtually  all  pupae  derived  trom  R\'K  virus-inoculated 
larvae  failed  to  emerge  successfidly  as  adults.  In  contrast,  both  pupation  and  emergence 
rates  were  similar  for  diluent-inoculated  and  either  La  Crosse  or  St.  Louis  encephalitis 
virus-inoculated  lan  ae  of  Ae.  taeniorhtjnchu.s.  There  was  also  poor  sun  ival  to  the  adult 
stage  of  .Ae.  taeniorhytichux  inoculated  with  either  eastern  equine  encephalomyelitis 
(EEE)  or  chikungunya  (CHIK)  virus.  The  high  mortalitx-  rates  observed  under  laboratorv 
conditions  of  pupae  derived  from  lanae  inoculated  with  either  RVF,  EEE,  or  CHIK  virus 
may  be  responsible  for  the  lack  of  laboratory  confinnation  of  vertical  transmission  of  these 
viruses. 

KEY  WORDS  Insecta,  Cidicidae,  inoculation,  arlroviral,  mortality 


.ALTIK/UCH  RIFT  A'ALLEY  FEN'ER  (RVF)  VIRUS 
has  lieen  recovered  from  adult  Aecles  mcintoshi 
Huang  (reported  as  .Ae.  lineatopeiinis  (Ludlow)) 
reared  from  field-collected  larvae  and  pupae 
(Linthicuni  et  al.  1985),  we  have  been  unable  to 
demonstrate  vertical  transmission  of  this  virus  in 
the  laboratory  (M.J.T.  &  L.  A.  Patrican,  unpub¬ 
lished  data).  In  an  experiment  to  determine  if 
RV'F  virus  coidd  be  transmitted  transstadially 
from  Culex  pipiens  L.,  Ac.  aesypti  (L.),  or  Ae. 
taeniorhyuclius  (Wiedemann)  larvae  to  adults, 
infection  with  this  virus  was  lethal  to  nio.srjuito 
larvae  (Turell  et  al.  198.5).  These  spe  t  ies  are  not 
associated  with  enzootic  RVF  virus  in  nature; 
therefore,  the  mortality  associated  with  RV'F  vi¬ 
rus  infection  may  have  been  because  of  the  use 
of  inappropriate  mosijuito  species.  To  determine 
whether  the  virus-associated  mortality  reported 
for  C.r.  pipien.s  was  due  to  the  unnatural  viru.s— 
vector  relationship,  we  inoculated  larvae  of  sev¬ 
eral  nios<juito  species  with  RV'F  virus,  iiicludiug 
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Ae.  meiiito.xhi.  a  species  known  to  transmit  RVF 
virus  vertically  in  Kenya  (Linthicuni  et  al.  1985). 
In  addition,  to  determine  if  other  viruses  also 
caused  excess  mortality.  Ae.  laeiiiorhynclius  lar¬ 
vae  were  inoculated  with  se\eral  diftereut  vi¬ 
ruses,  iiicludiug  some  known  to  be  vertically 
transmitted. 

Material  and  Methods 

Mosquitoes.  Anopheles  (ill)inuinus  Wiede¬ 
mann  and  Ac.  tueniorhynchus  (V’ERO  BE.ACH) 
were  provided  by  S.  Dobson  of  the  U.S.  .Army 
Bioengineering  Research  and  Development 
Laboratory,  Fort  Detrick,  Frederick,  .VId.,  and 
Ae.  aepypti  (BLACK  EY'E)  and  Ae.  triseriatux 
(Say)  (VV'ALTON)  were  provided  by  A.  Spielman 
of  the  Harvard  School  of  Public  Health.  Informa¬ 
tion  was  not  available  on  the  strain  designation 
for  the  Anopheles  species,  and  the  number  of 
generations  of  colonization  was  not  known  fci 
these  species. 

Culex  pipiens  (EL  CABAL),  derived  from 
specimens  collected  in  an  RV'F  virus  enzootic 
area  in  Egypt  in  1981  (Gargan  et  al.  1983),  were 
used  in  the  38th  to  94th  generations  of  coloniza¬ 
tion.  This  species  was  implicated  as  a  vector  dur¬ 
ing  the  1977  epidemic  of  RVF  in  Egypt  (.Meegan 
et  al.  1980).  Ae.  mcintoshi  were  the  F ,  progeny 
of  adult  females  collected  near  a  dambo  in  Ruini, 
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Table  1.  Source  and  passage  history  of  viruses  used 


Virus" 

Strain 

Source 

Passage  history** 

CHIK 

1455/75 

Human 

Mosq-2,  C6/36-2 

EEE 

MP-42 

Culiseta  melanura 

LLC-1 

LAC 

WIS-78-40 

Aedes  triseriatus 

Mosq-4 

RVF 

ZH50I 

Human 

FRL-2 

SLE 

Parton 

Human 

?,  SMB-1 

**  CHIK,  chikungunya  vims;  EEE,  eastern  equine  enceph¬ 
alomyelitis  virus;  LAC,  La  Crosse  vims;  RVF,  Rift  Valley  fever 
vims;  SLE,  St.  Louis  encephalitis  vims. 

**  Mosq,  mosquito;  LLC,  LLC-MK2  is  a  rhesus  monkey  kid¬ 
ney  cell  line;  C6/36,  an  Aedes  alhopictus  cell  line;  FRL,  fetal 
rhesus  lung;  SMB,  suckling  mouse  brain  passage. 


Kenya,  in  1985.  Aedes  fowleri  (Charmoy)  were 
derived  from  adult  females  collected  near  a 
dambo  in  Senegal  in  1983  (Turell  et  al.  1988) 
and  were  used  in  the  fourth  generation.  Eret- 
mapodites  quinquevittatus  Theobald,  derived 
from  specimens  collected  in  South  Africa,  were 
provided  by  T.  Zavortink  of  the  University  of  San 
Francisco  and  were  used  in  the  11th  generation. 
All  larvae  were  reared  under  standard  conditions 
at  26°C  (Gargan  et  al.  1983). 

Viruses  and  Virus  Assays.  Table  1  indicates  the 
strains  and  passage  histories  of  the  viruses  used 
in  this  study.  Individual  specimens  (larvae,  pu¬ 
pae,  or  adults)  were  triturated  in  1  ml  of  diluent 
(10%  fetal  bovine  serum  in  Medium  199  (GIBCO 
Laboratories,  Grand  Island,  NY)  with  Hanks’ 
salts  and  antibiotics)  and  frozen  at  -70°C  until 
plaque-assayed  for  infectious  virus  in  Vero  cell 
monolayers.  Procedures  described  by  Gargan  et 
al.  (1983)  were  followed,  except  the  time  before 
the  addition  of  the  second  overlay,  containing 
neutral  red,  was  dependent  on  the  virus  being 
assayed.  Virus  titers  were  expressed  as  log,,, 
plaque-forming  units  (PFU)  per  specimen. 

Experimental  Design.  In  experiment  1,  fourth 
instars  of  selected  mosquito  species  were  inocu¬ 
lated  intrathoracically  (Turell  et  al.  1985)  with 
0.2  ^1  of  either  diluent  or  diluent  containing 
=  10^  PFU  of  RVF  vims.  The  next  day,  all  pupae 
and  dead  larvae  were  discarded,  and  the  active 
fourth  instars  were  counted  and  transferred  to 
clean  water  and  provided  with  ground  Tetramin 
(TetraWerke,  Melle,  Germany)  as  food.  Pupae 
and  dead  larvae  were  counted  and  removed 
daily.  Upon  removal,  pupae  were  washed  in  tap 
water  and  placed  in  =.50  ml  of  water  in  a  plastic 
container  inside  a  0.5-liter  cardboard  container 
with  netting  at  one  end.  These  pupae  were  ob¬ 
served  daily,  and  when  all  of  the  pupae  had  ei¬ 
ther  emerged  or  died,  adult  mosquitoes  (1-7  d 
after  emergence)  were  removed,  triturated  indi¬ 
vidually  in  1  ml  of  diluent,  and  frozen  at  -70°C 
until  they  were  assayed  for  virus.  For  purposes  of 
this  study,  a  mosquito  must  have  emerged  and 
left  the  water  surface  to  be  considered  as  a  suc¬ 
cessfully  emerged  adult.  For  each  species,  the 
percentage  of  fourth  instars  that  pupated  (pupa- 


Table  2.  Survival  of  selected  mosquito  species  after  in- 


oculatioD  MB  larvae  with  either  diluent  or  RVF  virus" 

Mosquito  species 

Pupation  rate** 

Emergence  rate' 

Diluent 

RVF 

virus 

Diluent 

RVF 

virus 

Ae.  aegypti 

76  (33) 

85  (40) 

80(25) 

0(34) 

Ae.  fowleri 

79  (24) 

71  (24) 

58(19) 

0(17) 

Ae.  mcintoshi 

95  (20) 

80  (30) 

53(19) 

4(24) 

Ae.  taeniorhynchus 

89  (74) 

90  (81) 

64(66) 

4(73) 

Ae.  triseriatus 

92(104) 

87  (86) 

76(96) 

55(75) 

An.  albimanus 

82  (62) 

80  (95) 

75  (51) 

25(76) 

Cx.  pipiens 

78  (90) 

57(136) 

73  (70) 

0(77) 

Er.  quinquevittatus 

94  (32) 

77  (22) 

77(30) 

6(17) 

“  Fourth  instars  were  inoculated  with  *0.2  of  inoculum 
containing  diluent  or  10*  ®  PFU  of  RVF  virus. 

**  Percentage  pupating  (number  of  larvae). 

^  Percentage  successfully  emerging  as  adults  (number  of  pu- 
pae). 

tion  rate)  and  the  percentage  of  pupae  that  suc¬ 
cessfully  emerged  as  an  adult  (emergence  rate) 
were  calculated. 

In  a  second  exjjeriment,  fourth  instars  of  Ae. 
tacniorhynchus  were  inoculated  with  either  di¬ 
luent  or  one  of  the  viruses  listed  in  Table  1.  Each 
virus  suspension  was  color-coded  so  that  the  per¬ 
son  inoculating  the  larvae  was  unaware  of  the 
contents  of  each  inoculum.  There  were  two  rep¬ 
licates  of  this  experiment.  As  in  experiment  1, 
active  fourth  instars  on  the  day  after  inoculation 
were  used  to  initiate  the  experiment.  In  addition 
to  the  fourth  instars  used  to  monitor  pupation 
and  adult  emergence,  a  second  group  of  inocu¬ 
lated  fourth  instars  was  assayed  daily  to  deter¬ 
mine  the  growth  curves  of  each  virus. 

Results 

Comparison  of  Selected  Mosquito  Species. 
The  pupation  rate  for  Cx.  pipiens  larvae  inocu¬ 
lated  with  RVF  virus  was  significantly  (V^  =  9.8, 
df  =  I,  P  =  0.002)  lower  than  that  for  larvae 
inoculated  with  diluent.  For  each  of  the  remain¬ 
ing  species,  however,  pupation  rates  for  larvae 
inoculated  with  RVF  virus  were  not  significantly 
(V^  ^  1.85,  df  =  1,  P  —  0.17)  different  than  those 
of  larvae  inoculated  with  diluent  (Table  2).  In 
contrast,  emergence  rates  for  all  species  tested 
were  significantly  lower  (Fisher’s  exact  test,  P  < 
0.005)  for  adults  that  had  been  inoculated  with 
RVF  virus  as  larvae  than  for  those  that  had  been 
inoculated  with  diluent  as  larvae.  In  fact,  with 
the  exception  of  An.  albimanus  and  Ae.  triseria- 
tus,  virtually  none  of  the  RVF  virus-inoculated 
larvae  emerged  successfully  as  adults.  Virus  was 
recovered  from  all  of  the  adults  derived  from  the 
RVF  virus-inoculated  larvae. 

Comparison  of  Selected  Viruses  in  Ae.  taenio- 
rhynchus.  Except  for  chikungunya  (CHIK)  virus, 
pupation  rates  were  similar  for  virus-inoculated 
and  diluent-inoculated  larvae  (Table  3).  The  pu¬ 
pation  rate  for  larvae  inoculated  with  CHIK  virus 
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Table  3.  Survival  of  Ae.  taeniorhynchu*  after  inocula¬ 
tion  of  larvae  with  selected  viruses" 


Virus 

No. 

larvae^ 

Pupation 

rate* 

Emergence 

rate"* 

Diluent 

67 

91 

64a 

La  Crosse 

65 

91 

6ga 

St.  Louis  encephalitis 

62 

95 

6la 

Chikungunya 

62 

66 

41b 

Eastern  equine 
encephalomyelitis 

56 

93 

15c 

Rift  Valley  fever 

60 

90 

6c 

“  Fourth  instars  were  inoc'ulated  with  =0.2  of  inoculum 
containing  10“  PFU  of  virus. 

^  Number  of  live  larvae  24  h  after  inoculation. 

*  Percentage  of  larvae  that  pupated. 

Percentage  of  pupae  that  successfully  emerged  as  adults. 
Emergence  rates  followed  by  the  same  letter  were  not  signif¬ 
icantly  different  (Fisher's  exact  test,  a  =  0.05). 


was  significantly  ()^  a  8.7,  P  <  0.005)  lower  than 
that  for  those  inoculated  with  diluent  or  any  of 
the  other  viruses.  Although  emergence  rates 
were  similar  for  larvae  inoculated  with  diluent. 
La  Crosse  (LAC)  virus,  or  St.  Louis  encephalitis 
(SLE)  virus,  successful  emergence  as  adults  was 
significantly  lower  for  larvae  inoculated  with 
CHIK,  EEE,  or  RVF  viruses  (Table  3).  In  addi¬ 
tion,  the  two  viruses  not  associated  with  in¬ 
creased  mortality,  LAC  and  SLE  viruses,  did  not 
replicate  as  rapidly  as  did  the  three  viruses  asso¬ 
ciated  with  reduced  emergence  rates  (Fig.  1). 


DAYS  AFTER  INOCULATION 

Fig.  1.  Replication  of  .selected  viruses  in  Ae.  tae- 
niorhynchus  after  inoculation  of  fourth  instars.  Each 
point  represents  the  mean  viral  titer  (log,o  PFU)  recov¬ 
ered  from  an  average  of  seven  specimens.  For  each 
virus,  titers  recovered  from  larvae,  pupae,  or  adults  on 
the  same  day  after  virus  inoculation  were  similar  and 
were  averaged  together. 


Recovery  of  virus  from  emerged  adults  indicated 
that  they  were  infected  with  the  appropriate  vi¬ 
rus. 

Discussion 

The  present  study  confirms  and  expands  the 
results  of  Turell  et  al.  (1985),  which  showed  that 
inoculation  of  fourth-instar  Ae.  aegypti,  Ae.  tae- 
niorhynchus,  Ae.  triseriatus,  and  Ci.  pipiens  lar¬ 
vae  with  RVF  virus  was  generally  lethal  to  mos¬ 
quitoes.  With  the  possible  exception  of  CHIK 
virus  in  Ae.  taeniorhynchus  and  RVF  virus  in  Ci. 
pipiens,  inoculation  of  virus  into  fourth  instars 
did  not  affect  pupation  rates.  However,  emer¬ 
gence  rates  were  significantly  reduced  for  those 
species  that  had  been  inoculated  as  fourth  instars 
with  CHIK,  EEE,  or  RVF  viruses.  This  mortality 
appeared  to  be  caused  by  these  viruses,  not 
merely  due  to  the  inoculation  procedure,  as  lar¬ 
vae  of  all  of  the  species  tested  pupated  and 
emerged  successfully  as  adults  after  inoculation 
with  diluent.  Also,  larvae  of  Ae.  taeniorhynchus 
inoculated  with  either  LAC  or  SLE  viruses  pu¬ 
pated  and  adults  emerged  successfully. 

The  mortality  observed  with  inoculation  of 
CHIK,  EEE,  and  RVF  viruses  may  be  due  to 
pathogenic  effects  of  virus  infection  or  may  be 
the  result  of  starvation  as  a  consequence  of  the 
energy  requirements  associated  with  viral  repli¬ 
cation  during  the  nonfeeding  pupal  stage.  It  is 
possible  that  although  sufficient  energy  reserves 
were  present  in  the  larvae  for  them  to  pupate 
successfully,  because  of  the  timing  of  infection, 
these  energy  reserves  were  depleted  before  the 
mosquito  could  emerge  successfully.  If  this  is 
true,  the  mortality  observed  in  this  study  would 
not  apply  to  vertically  infected  larvae  because 
most  of  the  virus  replication  would  have  taken 
place  before  pupation,  and  the  larvae  would 
have  had  the  opportunity  to  feed  longer  to  re¬ 
plenish  their  energy  reserves.  In  fact,  for  many  of 
the  viruses  studied,  vertically  infected  larvae 
take  longer  to  develop  from  egg  to  pupal  stage 
than  do  their  uninfected  siblings  (Beaty  et  al. 
1980,  Tesh  1980,  Turell  et  al.  1982b).  Also,  in  the 
present  study,  virus  titers  in  pupae  24-48  h  after 
inoculation  with  LAC  or  SLE  viruses  were  100- 
1,000-fold  lower  than  those  in  pupae  inoculated 
with  CHIK,  EEE,  or  RVF  viruses  after  the  same 
time  interval.  It  was  not  until  mosquitoes  were  in 
the  adult  stage  that  titers  recovered  from  mosqui¬ 
toes  inoculated  with  SLE  virus  attained  levels 
reached  in  the  pupal  stage  in  mosquitoes  inocu¬ 
lated  with  CHIK,  EEE,  or  RVF  viruses.  Thus, 
the  rapid  replication  associated  with  CHIK, 
EEE,  and  RVF  viruses  and  the  timing  of  infec¬ 
tion  24-72  h  before  pupation  may  have  been 
responsible  for  the  reduced  emergence  rates  ob¬ 
served  in  these  mosquitoes. 

In  contrast  to  the  extremely  high  rates  of  mor¬ 
tality  observed  for  Cx.  pipiens  and  Ae.  mcintoshi 
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larvae  inoculated  with  RVF  virus  in  the  present 
study,  both  of  these  species  became  infected, 
pupated,  and  emerged  successfully  as  adults 
when  fourth  instars  ingested  RV'F  virus-infected 
tissue  (Turell  et  al.  1990).  Perhaps  the  delay  in 
the  development  of  a  disseminated  infection  as¬ 
sociated  with  oral  exposure  allowed  for  the  com¬ 
pletion  of  pupation  before  maximum  viral  repli¬ 
cation  occurred. 

Additional  studies,  conducted  at  lower  tem¬ 
peratures  with  larvae  infected  earlier  (i.e.,  inoc¬ 
ulated  as  second  instars)  and  with  orally  exposed 
larvae,  are  needed  to  evaluate  this  phenomenon 
further.  .Although  inoculation  of  larvae  is  an  arti¬ 
ficial  means  of  infecting  a  mos<juito,  it  may  en¬ 
able  us  to  study  vertical  infection  in  certain 
mosquito-virus  combinations.  After  a  mosquito 
becomes  infected  as  a  result  of  either  ingestion 
of  a  viremic  blood  meal  or  by  intrathoracic  inoc¬ 
ulation,  infection  of  the  germinal  tissue  may  be  a 
rare  event  with  some  mosquito-virus  combina¬ 
tions  because  of  the  various  membranes  in¬ 
volved.  However,  progeny  infected  vertically 
would  already  have  a  germinal  tissue  infection, 
thus  would  be  able  to  transmit  vims  at  a  high 
rate.  This  type  of  stabilized  infection  has  been 
described  for  San  Angelo  (Tesh  &  Shroyer  1980) 
and  California  encephalitis  viruses  (Turell  et  al. 
1982a).  Inoculation  of  mosquito  larvae  may  be  a 
means  of  initiating  a  stabilized  infection  for 
these  viruses  in  the  laboratory. 
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